The aggregate average wage is often used as an indicator of economic performance and welfare, and as such often serves as a benchmark for changes in the generosity of public transfers and for wage negotiations. Yet if economies experience a high degree of (nonrandom) fluctuation in employment the composition of the employed population will have a considerable effect on the computed average. In this paper we demonstrate the extent of this problem using data for Poland for the period 1996-2003. During these years employment in Poland fell from 51.2% to 44.2% and most of it occurred between the end of 1998 and the end of 2002. We show that about a quarter of the growth in the average wage during this period could be attributed purely to changes in employment.
Introduction
The aggregate average wage is often understood and referred to as an indication of the performance of the economy and its dynamics as a reflection of changes in society's welfare. As such it is given a lot of public attention. As a result it is also used as a reference value for determining values of various fiscal and social policy instruments.
2 It is taken as given that an increase in the average wage is a sign of positive developments in the economy, while it's stagnation reflects a general slowdown in economic development.
It has been recognised for a long time in economic literature that the reported dynamics of aggregate wages may not necessarily play the role it is commonly assigned, and the problem of meaningful aggregation of wages may be more complicated than it is usually perceived (Bills, 1985 , Solon et al., 1994 , Gossling et al., 2000 , Meghir and Whitehouse, 1996 . 3 The main issues complicating the interpretation of the aggregate wage as a simple indicator of welfare are:
• the fact that selection into and out of the sample of employees is not random,
• the structure of the employed population changes over time,
• the structure of the wage distribution may change over time.
Each of these factors may on its own affect changes in the observed aggregate wage without any change in individual wages (conditional on characteristics), i.e. without any changes in welfare of employed individuals for whom we observe the wage. In a scenario where there are job losses which are concentrated among people with low human capital, the aggregate average wage will grow without increases in individual wages, and in fact in situation when aggregate welfare is likely to be falling. Similarly if there is an increase in the proportion of young people among the working population the aggregate wage would fall, even if individual wages conditional on characteristics remained unchanged. Along these lines Blundell et al. (2003) demonstrated that when corrected for these factors aggregate wage dynamics behave 2 For example in Poland the level of income up to which national insurance contributions are paid is 30 times the average gross monthly wage from the previous year. Moreover, the computation of retirement and disability pension entitlements for those who become pensioners relates their earnings and contributions to average monthly gross wages. National insurance contributions paid by the selfemployed also depend on average monthly gross wages. See Zdanowicz (2003) . 3 For an excellent survey on aggregation issues in economics see Blundell and Stoker (2005) .
significantly differently from the simple average wage calculated for the employed population. While the measured aggregate wage in the UK over the early 1990's rises, the individual wages appear to be essentially flat. Clearly the interpretation of changes in the aggregate wage will be most difficult when the three forces complicating this interpretation undergo important changes. This will therefore apply especially strongly to countries with significant fluctuations in the rate of employment and more broadly to economies which undergo a rapid structural and institutional change. In this paper we present an illustration of one of the factors driving the aggregate wage dynamics with an application to Polish data. The structure of the employed population in Poland has undergone a significant change since mid-1990s and we postulate that this has had an important effect on the dynamics of the aggregate wage measure. Our analysis uses the framework of a semi-parametric procedure of DiNardo, Fortain and Lemieux (1996) , and introduces employment probability weights to account for changes in employment patterns in the period between the winter quarters of 1996 . DiNardo, Fortain and Lemieux (1996 (from now on referred to as DFL) present a method which allows counterfactual analysis of changes in the distribution of wages. It facilitates the analysis of the effect of changes in the characteristics of those employed and in institutional features of the labour market assuming all else remained constant. They explicitly consider populations of employed individuals and the issue of selection into and out of employment is not accounted for. As among others Blundell et al. (2003) have demonstrated, the issue of selection is however non-trivial. If movements in and out of employment are nonrandom with respect to individual wages then fluctuations in employment will be reflected in the distribution of wages and in the dynamics of the measured aggregate average wage. .5 2
Employment rate
The case of Poland is a good example for such an analysis as over a relatively short period of time employment levels dropped significantly and there has been a lot of variation in employment dynamics among various groups of the population. We focus on years 1996 to 2003 with special attention being paid to four years in the middle of this period, i.e. 1998-2002. These four years saw a dramatic fall in the level of employment for men and women and for all age groups. As Table 1 The brief spell of rapid economic growth at the beginning of the analysed period, which lasted for about a year and a half, did not find a reflection in growing employment rates even though there were important reductions in unemployment rates (ILO definition from 11.2% to 9.9% and registered unemployment from 13.2% to 10.3% between the fourth quarters of 1996 and 1997). During the years of rapid economic growth the official aggregate average wage shows significant gains, growing by 5.8% from Q4-1996 to Q4-1997 and reflecting a cumulative growth of between Q4-1998 and Q1-1999 to be the same as that between Q4-1997 and Q1-1998, we can construct a cumulative wage growth over the entire period we examine. 5 The published information on the aggregate average wage in Poland is based on monthly surveys conducted by the Central Statistical Office. They cover all financial and non-financial enterprises employing at least 50 people and a representative sample of 10% of firms with from 10 up to 50 employees. Wages in very small firms are estimated on the basis of trends from previous years. Average wages are calculated as an arithmetic mean with total wage fund divided by the number of employed people which is in some cases adjusted for number of working hours.
10.2% for the period Q4-1996 to Q4-1998. Detailed quarterly changes in employment and the average wage are presented in Figure 1 .
We begin the paper with a presentation of the methodology we apply for the exercise (Section 2) and then a brief description of data sets used in the analysis (Section 3)
Because of notorious bad quality of wage data in the Polish labour force survey (BAEL) we rely on the Autumn Earnings Survey (AES) for wage information. This has several advantages, principally that there is no missing information on wages and that wage data is given in terms of gross and not net wages (as in BAEL data). Section 4 presents the constructed 'base' wage distribution, while in section 5 we show results of aggregate wage dynamics for the period from the fourth quarter of 1996 to the fourth quarter 2003 under the assumption of constant base wage distribution.
Conclusions follow in Section 6.
Methodology
Our aim is to illustrate the effect of selection in and out of employment in Poland on the dynamics of the 'average wage' in a straightforward but realistic fashion. As we saw in Table 1 and in Figure 1 there was significant variation in employment levels which was observed in Poland at the turn of the century. Reductions in employment levels have most likely been non-random with respect to the distribution of wages and so must have had an effect on the observed wage distribution and the calculated aggregate average wage.
The latter is usually calculated simply as:
where: where w it is the observed wage of individual (i) at time (t) and I t is the sample of people employed at time (t) (i.e. people for whom we observe a wage) or their subsample.
The formula obviously relates only to the wages of those who are employed and is calculated as a simple arithmetic average (usually weighted to account for intensity of employment). This means that although it may be informative of the wage level at a particular point in time, its changes may be difficult to interpret, especially if the population of employees (I t ) changes between (t) and ( What we want to show is the effect of changes in the levels of employment on the density of wages and on the aggregate average and thus we need to consider the entire population and not only its employed sub-sample.
Following the notation of DFL we can write the density of wages at a point in time
as an integral of the distribution of wages and characteristics at time t:
where as in DFL z Ω is the domain of definition of the individual attributes.
One could analyse the dynamics of this distribution in time only if either the entire working age population is employed throughout or if entry and exit in and out of employment are independent of characteristics z. The first clearly does not hold and the second has been shown not to hold in several studies (e.g. Blundell et al. (2003) , Myck and Reed (2006) ). As employment figures for Poland show (Table 1 and Figure   1 ) it can be safely assumed not to hold in the Polish case as well. Below we show how one could extend the DFL methodology to account for the selection issue.
As in DFL, we can approximate the density of wages by a kernel density estimate based on a random sample of employed people of size n, with weights
where h is the bandwidth and K(.) is the kernel function.
If we knew for the entire sample then the kernel density could be estimated for the entire sample even if only some of these wages were to enter the density (since only some individuals are employed). We would then have: We can use equation (4) to generalise the problem by substituting the binary employment indicator with individual employment probability weights. If we can assign an individual probability of being observed as employed and an individual wage to all individuals in the sample, then we can write the kernel density as: 6 Such reweighing of the distribution, by keeping the underlying wage distribution constant and just changing the probability weights will allow us to measure the extent of changes in the distribution and in its characteristics. More specifically it will facilitate measuring the extent of the effect of changes in employment probabilities on the dynamics of the aggregate average wage. For each period (s) equation (5) then becomes:
where the underlying wage distribution is constant over time, while employment probabilities change in time according to the labour market dynamics.
Data
We use Polish micro-level data from two surveys: the labour force survey -BAEL, and the Autumn Earnings Survey (AES). BAEL is a representative individual level survey (a rolling panel) collected quarterly with a principle focus on labour market status. Each quarter the survey collects information on about 50,000 individuals aged 15 and over. The AES is an annual survey (collected usually in September) which collects data on approximately 700,000 individuals at the company level and focuses on earnings information. The reason for using this joint set up is because wage information in BAEL is generally unsatisfactory.
7 At the same time the AES collects information only on employees and can't be used to analyse changes in participation patterns. Therefore we use the earnings information from the AES data and take advantage of the detailed labour market information from BAEL to study labour market dynamics.
The detailed information on individual wages in the AES is used to generate a wage distribution for the BAEL sample. This distribution is then employed to demonstrate changes in the 'average wage' given the observed trends on the Polish labour market in the period from the last quarter of 1996 to the last quarter of 2003.
As we pointed out in the introduction the analysis is based on the combination of the AES and BAEL data. We use AES collected in September 1996 and on the basis of this dataset generate the expected (gross) wage distribution for the BAEL sample collected in Autumn 1996 (referred to as the 'BAEL base sample' below). Following this exercise we estimate employment probabilities in the BAEL datasets over the period from Q4-1996 to Q4-2003 and use these to generate expected employment probabilities in 'future' BAEL years, which are calculated for the BAEL base sample. Moreover the AES collects information on gross and not on net wages (as is the case in BAEL). This makes it more comparable with the official average wage statistics. 8 The BAEL data has seen a significant development and some important changes in the period covered in this paper, however the key variables used in our analysis can be constructed consistently for the entire period. For detailed documentation on changes in the data see Morawski et al. (2005) .
Where possible the same sample selection criteria are applied to the AES and BAEL datasets. The most important selection criteria are:
-in both samples we drop people aged less than 18 and over pension age (60 for women, 65 for men),
-we drop the self employed, those who help in family business and full time students (in BAEL only).
In Table 2 we present the basic descriptive statistics for the AES sample and the BAEL base sample (after applying selection criteria). The table also includes descriptive statistics for a sub-sample of the BAEL base sample including only those who are employed in firms employing more than 5 employees. This is the closest we can get to mimic the criteria applied to the creation of the AES sample. The Autumn
Earnings Survey collects information only on employees employed in firms with more than 9 employees. We can see that as far as the proportion of higher educated and those with secondary education the selected BAEL sample and the AES sample are very similar. The proportion of men and those with vocational training among the BAEL employees is slightly higher than among the AES employees, and the proportion of those with primary education is somewhat lower. These differences lead to small differences in the earnings distributions generated for AES and for BAEL, but these are not substantial enough to affect our conclusion in any major way. The results are not very surprising. Wages are higher for older and better educated people. The coefficient on the male dummy variable is positive, but men generally get lower returns to age and education.
Computing expected wages and employment probabilities
This estimation is used to generate a distribution of expected wages in AES and in the BAEL base sample (shown on Figure 2 ). 12 Figure 2b -plotted for the BAEL base sample includes both the employed (in big and in small firms) as well as the nonemployed people, while in figure 2c we present the distribution of expected wages in the BAEL sample only for those who are observed as employed. Unsurprisingly the distribution of wages for the employed and the non-employed sample (shown as kernel densities on Figure 2d) .04
.06
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. The next step in the methodology is the estimation of employment probability models for BAEL samples over the period Q4-1996 to Q4-2003 . Table A2 in the appendix presents the subset of results from the employment probit models run on the winter quarters Q4-1996 to Q4-2003. 13 We thus calculate employment probabilities for people in the BAEL base sample as if the conditions they were subjected to were imported from future years. Employment probability changes significantly during the period covered and reflects the trends presented in Figure 1 .
Employment, wage distribution and aggregate average wage dynamics
Since we now have a wage measure for every individual in the BAEL base sample, and measures of his/her probability of being employed (at different points in time), we 13 The sample selection criteria in these cases were identical to those applied to the BAEL base sample. Full set of results for all quarters is available from the authors. Note that BAEL was discontinued in 1999 and there is no data available for the second and third quarter of 1999.
can use equation (6) to derive the counterfactual wage distributions given different employment scenarios and examine aggregate average wage dynamics once our sample is subjected to the dynamics of employment (and all else is held constant).
We start by presenting the difference probability weighting makes to the entire distribution of earnings in the BAEL base sample. This is presented in Figure 4 . On panel 4a we show kernel densities of expected monthly earnings for the sample which is unadjusted for employment probability (i.e. everyone in the sample contributes to the density) and the distribution which is adjusted for employment probability using weights from Q4-1996. Notice, that, as we would expect, the latter is almost exactly the same as the density for the employed sub-sample presented in figure 2d . The aggregate average unadjusted wage is 739.27 PLN and the average rises to 767.69 PLN once we adjust for employment probabilities. Probability weighing thus increases the computed average by 3.8%. On panel 4b we again show the expected wage density weighted using the Q4-1996 employment probability weights, and compare it with the density obtained when we use the Q4-2003 probability weights instead. As we expected the density moves to the right suggesting relative employment losses in the bottom end of the wage distribution, and gains around and above the Q4-1996 median (748.10 PLN). Density estimates allow us to compute the aggregate average wages for our sample using different employment probability weights computed on the basis of BAEL Q1-changes in the probability of employment affect the computed aggregate average wage at the time when the underlying wage distribution (i.e. the distribution of expected individual wages) remains unchanged. The only thing that affects the computed average wage is the probability that someone is in the sample of employed individuals. The result of this exercise is plotted on Figure 5 . The figure includes also 95% confidence intervals around the computed averages. Changes in employment probability seem to have a significant (and seasonal) effect on the aggregate average wage measure. In a scenario where individual wages remain unchanged and we only change the probability of being employed the computed aggregate average wage rises from 767.69 PLN in the fourth quarter of 1996 to 785.37 PLN in the fourth quarter of 2003, a change of 2.3% (significant at 5%). This is about a tenth of the overall real growth in the aggregate average wage published by GUS, and since our wage equation does not account for unobserved characteristics (as the wage equation is estimated on the AES data, i.e. only on the employed sample) 14 The confidence intervals were constructed using the non-parametric bootstrap method to account for matching of the data sets and for predicting of employment probability values using data other than the base sample. Given the use of several datasets and levels of analysis we bootstrap at two levels: first we estimate 100 wage equations on 100 bootstrapped samples from the AES. Then we draw 100 bootstrapped samples from each of the BAEL datasets on which we conduct the employment probit analysis. This gives us 10,000 mean wage predictions for each quarter which we use to determine the confidence intervals around the estimated means.
this is most likely the lower bound of the selection effect on the dynamics of the aggregate wage.
The average wage is lowest in the fourth quarter of 1997 (767.14 PLN) and highest in for all years in the BAEL series) we can notice, that in all these cases there was a fall in employment levels. This in our analysis is reflected in increases in the computed average wage, suggesting that this selection out of employment is non-random with respect to the wage distribution. 15 The data on the GUS aggregate average wage suggest, however, that the average always fell between the fourth and first quarters of consecutive years, which seems inconsistent with our findings. Significant falls in the wages of those employed would be necessary in order for the average to turn negative given the non-random selection out of employment between Q4 and Q1. This can be easily explained by the fact that wages for the fourth quarter include various types of end-of-year bonuses which add an "artificial" seasonal fluctuation in the aggregate wage, which cannot be captured in our analysis. If instead of taking Q4 and Q1 of consecutive years we take Q3 and Q1, then for all five years for which we have the data, aggregate employment falls and the published aggregate average wages rise. Figure 5 suggests that an important part of this increase in the aggregate wage is due to selection out of employment.
Our analysis also suggests that there was little selection driven changes in the aggregate average wage in the second half of the 1990s (i.e. at the time of rapid economic growth of the Polish economy, see Table A1 in the Appendix). In these years -at least until the end of 1998 employment was stable (see Figure 1 ) and thus the aggregate average wage should accurately reflect real growth in wages. However, if we look at the following years, the economic slowdown resulted in reduced employment with important consequences for the computed aggregate average wage.
Between the fourth quarter of 1998 and the fourth quarter of 2002 the aggregate average wage increased only by about 10.5%, of which, according to our calculations almost a quarter was driven by selection out of employment.
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Conclusion
We have presented an exercise of simulating changes in the aggregate average wage which result purely from changes in the structure of employment with the underlying distribution of individual wages remaining unaffected. This is a simple, but to our knowledge so far unimplemented way of decomposing changes in the aggregate average wage into those which result from actual changes in productivity and those which are sole reflections of changes in the composition of the employed population.
The methodology was applied to Polish data on earnings and employment from the Autumn Earnings Survey and the Polish labour force survey (BAEL) respectively.
The analysis shows that changes in employment in Poland have had a significant effect on the observed dynamics of aggregate average wage, especially in the first three years of the twenty first century. Our estimation suggests that this effect was in the range of 2.3% for the overall period from Q4-1996 to Q4-2003 with most of selection-driven growth of the aggregate average wage taking place between Q4-1998 and Q4-2003 (about 2.4%). These estimates suggest that for the overall period about one tenth of the wage growth reported in official statistics is a result of changes in the structure of employment. For the period from Q4-1998 to Q4-2002 almost 25% of real growth of the published aggregate average wage can be assigned to changes in the structure of the employed population. The analysis also points to the important fact that seasonal changes in employment may significantly affect the average wage between two consecutive seasons.
Our results are most likely to be the lower bound estimates of the effect of employment on average wage dynamics. This is because throughout the analysis we have assumed that wages are only determined by observed characteristics. This is clearly a strong assumption. If it does not hold, and unobserved heterogeneity affects both wages and employment (and there is positive correlation between these effects) then the actual effect of changes in employment on the dynamics of aggregate average wage would be even stronger.
The publication of the aggregate average wage is awaited by many analysts of the economy with equally eager anticipation as statistics on unemployment, investments and exports. It is considered to reflect the shape of the economy and is used by many firms as a benchmark for wage negotiations. Apart from this it is also an input used in the computation of several fiscal policy instruments where it is treated as a reflection of changes in economic welfare. Yet, according to our estimates a quarter of the real growth in the aggregate wage between Q4-1998 and Q4-2002 was not related to actual -productivity related -growth in individual wages, but rather was a result of changes in the composition of the employed population and was due to non-random selection out of employment. Though no doubt statistics on the aggregate average wage will continue to be awaited with undiminished eagerness, we suggest caution in their interpretation, especially at the time when labour markets go through periods of rapid increases or falls in the proportion of those employed and changes in their composition. 
